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SLOT CAVITY 

TECHNICAL FIELD OF THE INVENTION 

0001. The present invention relates generally to the field 
of Subterranean exploration, and more particularly to a slot 
cavity. 

BACKGROUND OF THE INVENTION 

0002. Subterranean deposits of coal contain substantial 
quantities of entrained methane gas limited in production in 
use of methane gas from coal deposits has occurred for many 
years. Substantial obstacles, however, have frustrated more 
extensive development and use of methane gas deposits in 
coal Seams. Dual well Systems have been used to aid in 
producing the methane gas from the coal Seams. Such dual 
well Systems may include two wellbores that interSect at a 
junction. In particular cases, an enlarged, cylindrical cavity 
is formed at a proposed junction to act as a target for the 
intersection of the wellbores. 

SUMMARY OF THE INVENTION 

0003. The present invention provides a slot cavity that 
Substantially eliminates or reduces at least Some of the 
disadvantages and problems associated with previous cavi 
ties used in Subterranean exploration. 
0004. In accordance with a particular embodiment of the 
present invention, a method for accessing a subterranean 
Zone from the Surface includes drilling a Substantially ver 
tical well bore from the Surface to the Subterranean Zone and 
forming a slot cavity in the Substantially vertical well bore 
proximate to the Subterranean Zone. The slot cavity com 
prises a Substantially non-cylindrical shape. The method 
also includes drilling an articulated well bore from the 
Surface to the Subterranean Zone. The articulated well bore 
is horizontally offset from the substantially vertical well 
bore at the Surface and interSects the Substantially vertical 
well bore at a junction proximate to the Subterranean Zone. 
The method may include drilling the articulated well bore to 
intersect the slot cavity of the substantially vertical well bore 
and drilling a Substantially horizontal drainage pattern from 
the slot cavity into the Subterranean Zone. The Subterranean 
Zone may comprise a coal Seam. 
0005. In accordance with another embodiment, a method 
for accessing a Subterranean Zone includes drilling a Sub 
stantially vertical well bore from a surface to the subterra 
nean Zone and forming a slot cavity in the Substantially 
vertical well bore at least partially within the subterranean 
Zone. The slot cavity intersects at least one fracture of the 
Subterranean Zone and comprises a Substantially non-cylin 
drical shape. The Subterranean Zone may comprise a coal 
Seam. The method may also include draining gas from the at 
least one fracture. The at least one fracture may be naturally 
occurring or man-made. 
0006 Technical advantages of particular embodiments of 
the present invention include the formation of a slot-shaped 
cavity in a Subterranean Zone to provide a target for the 
intersection of an articulated well bore with a vertical well 
bore. The Slot cavity has a cross-sectional area for interSec 
tion approximately equal to a cross-sectional cavity of other 
types of enlarged cavities which may be formed within the 
Subterranean Zone, Such as generally cylindrical cavities. 
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However, the volume of the slot cavity is generally less than 
the volume of other types of cavities such that the formation 
of the slot cavity requires less time and expense than the 
formation of other types of cavities. 
0007 Another technical advantage of particular embodi 
ments of the present invention includes forming a slot cavity 
at least partially within a Subterranean Zone Such that Slot 
cavity intersects fractures of the Subterranean Zone. Inter 
Secting the fractures with the slot cavity enables composi 
tions included in or flowing through the fractures to be 
released into the slot cavity and drained to the Surface. Thus, 
particular embodiments provide an improved method for 
accessing and draining compositions Such as methane gas 
contained within a Subterranean Zone. 

0008. Other technical advantages will be readily apparent 
to one skilled in the art from the following figures, descrip 
tions and claims. Moreover, while specific advantages have 
been enumerated above, various embodiments may include 
all, Some or none of the enumerated advantages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 For a more complete understanding of particular 
embodiments of the invention and their advantages, refer 
ence is now made to the following descriptions, taken in 
conjunction with the accompanying drawings, in which: 
0010 FIG. 1 illustrates an example dual well system for 
accessing a Subterranean Zone from the Surface, in accor 
dance with an embodiment of the present invention; 
0011 FIG. 2 illustrates an example slot cavity and articu 
lated well combination for accessing a Subterranean Zone 
from the Surface, in accordance with an embodiment of the 
present invention; 
0012 FIG. 3 illustrates an example system for the pro 
duction of fluids from the slot cavity and articulated well 
combination, in accordance with an embodiment of the 
present invention; 
0013 FIG. 4 illustrates an example pinnate drainage 
pattern for accessing deposits in a Subterranean Zone, in 
accordance with an embodiment of the present invention; 
0014 FIG. 5 is an isometric diagram illustrating a slot 
cavity, in accordance with an embodiment of the present 
invention; 
0015 FIG. 6 illustrates an example underreamer used to 
form a slot cavity, in accordance with an embodiment of the 
present invention; 
0016 FIG. 7 illustrates the underreamer of FIG. 6 with 
cutter Sets disposed in an extended position, in accordance 
with an embodiment of the present invention; 
0017 FIG. 8 illustrates an example slot cavity formed 
within a Subterranean Zone, in accordance with an embodi 
ment of the present invention; and 
0018 FIGS. 9A and 9B illustrate an example well sys 
tem utilizing slot cavities, in accordance with another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0019 FIG. 1 illustrates an example dual well system for 
accessing a Subterranean Zone from the Surface. In one 
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embodiment, the Subterranean Zone may comprise a coal 
Seam. It will be understood that other Subterranean Zones can 
be similarly accessed using the dual well System of the 
present invention to remove and/or produce water, hydro 
carbons and other fluids in the Zone and to treat minerals in 
the Zone prior to mining operations. 

0020 Referring to FIG. 1, a substantially vertical well 
bore 12 extends from a Surface 14 to a target layer Subter 
ranean Zone 15. Substantially vertical well bore 12 inter 
Sects, penetrates and continues below Subterranean Zone 15. 
Substantially vertical well bore 12 may be lined with a 
suitable well casing 16 that terminates at or above the level 
of the coal seam or other Subterranean Zone 15. 

0021. A slot cavity 20 may be formed in substantially 
vertical well bore 12 at the level of Subterranean Zone 15. 
Slot cavity 20 is substantially non-cylindrical as illustrated 
in FIG. 5. As described in more detail below, slot cavity 20 
provides a junction for interSection of Substantially vertical 
well bore 12 by an articulated well bore used to form a 
drainage pattern in subterranean Zone 15. Slot cavity 20 also 
provides a collection point for fluids drained from Subter 
ranean Zone 15 during production operations. 

0022. In one embodiment, slot cavity 20 has a width of 
approximately sixteen feet, a thickness, or depth, of the 
substantially vertical well bore diameter and a vertical 
height which equals or exceeds the vertical dimension of 
subterranean Zone 15. However, other embodiments may 
include a slot cavity having other dimensions. Slot cavity 20 
is formed using Suitable underreaming techniques and 
equipment. A vertical portion of Substantially vertical well 
bore 12 may continue below slot cavity 20 to form a Sump 
22 for slot cavity 20. In particular embodiments, slot cavity 
20 is oriented such that the cavity provides a target for 
another well bore, such as articulated well bore 30 (dis 
cussed below), to intersect during drilling. 
0023. An articulated well bore 30 extends from surface 
14 to slot cavity 20 of Substantially vertical well bore 12. 
Articulated well bore 30 includes a substantially vertical 
portion 32, a Substantially horizontal portion 34, and a 
curved or radiused portion 36 interconnecting vertical and 
horizontal portions 32 and 34. Horizontal portion 34 lies 
substantially in the horizontal plane of subterranean Zone 15 
and intersects slot cavity 20 of Substantially vertical well 
bore 12. Articulated well bore 30 is offset a Sufficient 
distance from substantially vertical well bore 12 at surface 
14 to permit curved portion 36 and any desired horizontal 
portion 34 to be drilled before intersecting slot cavity 

0024. Articulated well bore 30 may be drilled using an 
articulated drill string 40 that includes a suitable down-hole 
motor and a drill bit 42. A measurement while drilling 
(MWD) device 44 may be included in articulated drill string 
40 for controlling the orientation and direction of the well 
bore drilled by the motor and drill bit 42. The substantially 
vertical portion 32 of the articulated well bore 30 may be 
lined with a suitable casing 38. Other embodiments, may not 
include a casing or may include additional casing other than 
that illustrated. 

0.025. After slot cavity 20 has been successfully inter 
sected by articulated well bore 30, drilling is continued 
through slot cavity 20 using articulated drill string 40 and an 
appropriate horizontal drilling apparatus to provide a drain 
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age pattern 50 in Subterranean Zone 15. In particular embodi 
ments, a Substantially vertical well bore and Slot cavity may 
be located at or near the end of drainage pattern 50. 
0026. During the process of drilling drainage pattern 50, 
drilling fluid (such as drilling “mud”) is pumped down the 
articulated drill string 40 and circulated out of drill string 40 
in the vicinity of drill bit 42, where it is used to scour the 
formation and to remove formation cuttings. The cuttings 
are then entrained in the drilling fluid which circulates up 
through the annulus between drill string 40 and the well bore 
walls of articulated well bore 30 until it reaches Surface 14, 
where the cuttings are removed from the drilling fluid. The 
fluid may then be recirculated. This conventional drilling 
operation may produce a column of drilling fluid in articu 
lated well bore 30 having a vertical height equal to the depth 
of well bore 30 and may produce a hydrostatic pressure on 
the well bore corresponding to the well bore depth. Because 
coal Seams tend to be porous and fractured, they may be 
unable to Sustain Such hydrostatic pressure. Accordingly, if 
the full hydrostatic pressure is allowed to act on the coal 
Seam, the result may be loss of drilling fluid and entrained 
cuttings into the formation. Such a circumstance is referred 
to as an “over-balanced” drilling operation in which the 
hydrostatic fluid pressure in the well bore exceeds the ability 
of the formation to withstand the preSSure. LOSS of drilling 
fluids in cuttings into the formation is not only expensive in 
terms of the lost drilling fluids, which must be made up, but 
it tends to plug the pores in the coal Seam, which are needed 
to drain the coal Seam of gas and water. 
0027. To prevent over-balanced drilling conditions dur 
ing formation of drainage pattern 50, air compressors 60 
may be provided to circulate compressed air down the 
substantially vertical well bore 12 and back up through 
articulated well bore 30. The circulated air will admix with 
the drilling fluids in the annulus around articulated drill 
string 40 and create bubbles throughout the column of 
drilling fluid. This has the effect of lightening the hydrostatic 
preSSure of the drilling fluid and reducing the down-hole 
preSSure Sufficiently that drilling conditions do not become 
over-balanced. Aeration of the drilling fluid may reduce 
down-hole pressure to approximately 150-200 pounds per 
Square inch (psi) in particular embodiments. Accordingly, 
low pressure coal Seams and other Subterranean Zones can be 
drilling without Substantial loss of drilling fluid and con 
tamination of the Zone by the drilling fluid. 

0028. Foam, which may include compressed air mixed 
with water, may be circulated down through articulated drill 
String 40 along with the drilling mud in order to aerate the 
drilling fluid in the annulus as articulated well bore 30 is 
being drilled and, if desired, as drainage pattern 50 is being 
drilled. Drilling of drainage pattern 50 with the use of an air 
hammer bit or an air-powered down-hole motor will also 
Supply compressed air or foam to the drilling fluid. In this 
case, the compressed air or foam which is used to power the 
bit or down-hole motor exits the vicinity of drill bit 42. 
However, the larger volume of air which can be circulated 
down Substantially vertical well bore 12, permits greater 
aeration of the drilling fluid than is generally possible by air 
supplied through articulated drill string 40. 

0029 FIG. 2 illustrates an example slot cavity and articu 
lated well combination for accessing a Subterranean Zone 
from the surface. In this embodiment, substantially vertical 
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well bore 12, slot cavity 20 and articulated well bore 30 are 
positioned and formed as previously described in connection 
with FIG. 1. FIG. 2 illustrates an example of another 
manner in which fluids may be circulated in a dual well 
System. Other ways of circulating fluids may be used as well. 

0030) Referring to FIG. 2, after intersection of slot cavity 
20 by articulated well bore 30, a pump 52 is installed in slot 
cavity 20 to pump drilling fluid and cuttings through Sub 
stantially vertical well bore 12 to surface 14. This may 
reduce the friction of air and fluid returning up articulated 
well bore 30 and reduce down-hole pressure to nearly zero. 
Accordingly, coal Seams and other Subterranean Zones hav 
ing low pressures can be accessed from the Surface. Addi 
tionally, the risk of combining air and methane from the coal 
Seam in the well is reduced. 

0.031 FIG. 3 is a cross-sectional diagram of an example 
system for the production of fluids from the slot cavity and 
articulated well combination. In this embodiment, after 
substantially vertical and articulated well bores 12 and 30 
and the desired drainage pattern have been drilled, articu 
lated drill string 40 is removed from articulated well bore 30, 
and the articulated well bore is capped. A down hole pump 
80 is disposed in Substantially vertical well bore 12 in slot 
cavity 20. Slot cavity 20 provides a reservoir for accumu 
lated fluids from Subterranean Zone 15. 

0.032 Down hole pump 80 is connected to surface 14 via 
a tubing string 82 and may be powered by Sucker rods 84 
extending down through well bore 12 of the tubing. Sucker 
rods 84 are reciprocated by a Suitable Surface mounted 
apparatus, Such as a powered walking beam 86 to operate 
down hole pump 80. Down hole pump 80 is used to remove 
water and entrained coal fines from Subterranean Zone 15 via 
the drainage pattern. Once the water is removed to the 
Surface, it may be treated to remove methane dissolved in 
the water and entrained fines. After Sufficient water has been 
removed from Subterranean Zone 15, gas may be allowed to 
flow to surface 14 through the annulus of the substantially 
vertical well bore 12 around tubing string 82 and may be 
removed via piping attached to a wellhead apparatus. At 
Surface 14, the methane may be treated, compressed and 
pumped through a pipeline for use as a fuel in a conventional 
manner. Down hole pump 80 may be operated continuously 
or as needed to remove water drained from the coal Seam 
into slot cavity 20. 
0.033 FIG. 4 is a top plan diagram illustrating an 
example pinnate drainage pattern for accessing deposits in a 
Subterranean Zone. The drainage pattern may comprise a 
pinnate pattern that has a main drainage well bore 104 with 
generally Symmetrically arranged and appropriately spaced 
lateral well bores 110 extending from each side of the main 
drainage well bore. The pinnate pattern approximates the 
pattern of veins in a leaf or the design of a feather in that it 
has Similar, Substantially parallel, lateral drainage bores 110 
arranged in Substantially equal and parallel spacing or 
opposite sides of an axis. The pinnate drainage pattern with 
its main drainage well bore 104 and generally Symmetrically 
arranged and appropriately spaced lateral drainage bores 110 
on each Side provides a uniform pattern for draining fluids 
from a coal Seam or other Subterranean formation. The 
pinnate pattern may provide Substantially uniform coverage 
of a Square, other quadrilateral, or grid area and may be 
aligned with longwall mining panels for preparing Subter 
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ranean Zone 15 for mining operations. It will be understood 
that other Suitable drainage patterns may be used in accor 
dance with the present invention. 
0034. The pinnate and other suitable drainage patterns 
drilled from the Surface provide Surface access to Subterra 
nean formations. The drainage pattern may be used to 
uniformly remove and/or insert fluids or otherwise manipu 
late a Subterranean deposit. In non-coal applications, the 
drainage pattern may be used initiating in-Situ burns, “huff 
puff Steam operations for heavy crude oil, and the removal 
of hydrocarbons from low porosity reservoirs. 
0035) Referring to FIG. 4, pinnate drainage pattern 100 
provides access to a Substantially Square area 102 of a 
subterranean Zone. A number of the pinnate patterns 100 
may be used together to provide uniform access to a large 
Subterranean region. 
0036) Slot cavity 20 defines a first corner of area 102. 
Pinnate pattern 100 includes a substantially horizontal main 
drainage well bore 104 extending diagonally acroSS area 102 
to a distant corner 106 of area 102. One skilled in the art may 
recognize, however, that the Substantially horizontal main 
drainage well bore 104 need not be precisely horizontal 
where the Subterranean Zone itself is not precisely horizon 
tal. Rather, Substantially horizontal merely means that well 
bore 104 is in conformance with the shape of subterranean 
Zone 15. If subterranean Zone 15 is sloping toward the 
earth's Surface, the Substantially horizontal main drainage 
well bore 104 may also slope toward the earth's surface in 
conformance with the plane of subterranean Zone 15. In 
particular embodiments, the Substantially vertical and articu 
lated well bores 12 and 30 may be positioned over area 102 
such that the main drainage well bore 104 is drilled up the 
slope of Subterranean Zone 15. This may facilitate collection 
of water and gas from area 102. Main drainage well bore 104 
is drilled using articulated drill string 40 and extends from 
slot cavity 20 in alignment with articulated well bore 30. 
0037. A plurality of lateral well bores 110 may extend 
from opposite sides of main drainage well bore 104 to a 
periphery 112 of area 102. Lateral bores 110 may mirror 
each other on opposite sides of the main drainage well bore 
104 or may be offset from each other along main drainage 
well bore 104. Each of the lateral bores 110 includes a 
curved portion 114 coming off of main drainage well bore 
104 and an elongated portion 116 formed after curved 
portion 114 has reached a desired orientation. For uniform 
coverage of area 102, pairs of lateral bores 110 may be 
Substantially evenly Spaced on each side of main drainage 
well bore 104 and extend from main drainage well bore 104 
at an angle of approximately 45 degrees. Lateral bores 110 
may shorten in length based on progression away from Slot 
cavity 20 in order to facilitate drilling of lateral bores 110. 
0038. In a particular embodiment, a pinnate drainage 
pattern 100 including a main drainage well bore 104 and five 
pairs of lateral bores 110 may drain a subterranean Zone 15 
of approximately 150 acres in size. Where a Smaller area is 
to be drained, or where Subterranean Zone 15 has a different 
shape, Such as a long, narrow shape or due to Surface or 
Subterranean topography, alternate pinnate drainage patterns 
may be employed by varying the angle of lateral bores 110 
to main drainage well bore 104 and the orientation of lateral 
bores 110. Alternatively, lateral bores 120 can be drilled 
from only one side of the main drainage well bore 104 to 
form a one-half pinnate pattern. 
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0039) Main drainage well bore 104 and lateral bores 110 
are formed by drilling through slot cavity 20 using articu 
lated drill String 40 and appropriate horizontal drilling 
apparatus. During this operation, gamma ray logging tools 
and conventional MWD technologies may be employed to 
control the direction and orientation of the drill bit so as to 
retain the drainage pattern within the confines of Subterra 
nean Zone 15 and to maintain proper spacing and orientation 
of main drainage well bore and lateral bores 104 and 110. 
0040 FIG. 5 is an isometric diagram illustrating an 
example slot cavity 20. As stated above, slot cavity 20 is 
Substantially non-circular and thus does not comprise a 
generally rounded or cylindrical shape. In this embodiment, 
slot cavity 20 has a depth D that is generally less than a 
width W of the slot cavity. The ratio of width W to depth D 
may vary in different embodiments. 
0041. The formation of slot cavity 20 provides a target for 
the intersection of articulated well bore 30 with substantially 
vertical well bore 12. Slot cavity 20 has a cross-sectional 
area for interSection approximately equal to a cross-sectional 
cavity of other types of enlarged cavities which may be 
formed within the Subterranean Zone, Such as generally 
cylindrical cavities. However, the volume of the slot cavity 
is generally less than the Volume of other types of cavities 
Such that the formation of the slot cavity requires less time 
and expense than the formation of other types of cavities. 
0.042 FIG. 6 illustrates an example underreamer 210 
used to form a slot cavity, such as slot cavity 20 of FIG. 5. 
Underreamer 210 includes two cutter sets 214 pivotally 
coupled to a housing 212. Other underreamers which may be 
used to form slot cavity 20 may have one or more than two 
cutter Sets. Housing 212 is illustrated as being Substantially 
vertically disposed within a well bore 211. In this embodi 
ment, each of cutter Sets 214 is pivotally coupled to housing 
212 via a pin 215; however, other suitable methods may be 
used to provide pivotal or rotational movement of cutter Sets 
214 relative to housing 212. 
0.043 Underreamer 210 also includes an actuation rod 
216 slidably positioned within an internal passage 218 of 
housing 212. Actuation rod 216 includes a fishing neck 220 
coupled to an end 217 of actuation rod 216. Housing 212 
includes a receSS 221 capable of receiving fishing neck 220 
while underreamer 210 is in the retracted position. Fishing 
neck 220 is operable to engage a fishing tool lowered within 
well bore 211 to which an axial force is applied, which in 
turn slides actuation rod 216 relative to housing 212. The 
axial force is a force in a direction along the longitudinal 
axis of actuation rod 216. Such direction is illustrated on 
FIG. 6 by arrow 209. The fishing tool can be a 1%"jar down 
to shear tool; however, other Suitable techniques may be 
used to Slide actuation rod 216 relative to housing 212, Such 
as a hydraulic piston mechanism. 

0044. Each cutter set 214 contains a first cutter 224 and 
a Second cutter 226. Other underreamers used to form a Slot 
cavity Such as Slot cavity 20 may include cutter Sets having 
one or more than two cutters. Each first cutter 224 and each 
Second cutter 226 is nested around actuation rod 216 when 
underreamer 210 is in the retracted position; however, 
cutters of other underreamers used to form a Slot cavity may 
not be nested around an actuation rod in a retracted position. 
Each first cutter 224 is pivotally coupled to a respective 
second cutter 226. A pivot block 229 may also be coupled to 
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first cutters 224 and second cutters 226 in order to protect the 
connection between first cutters 224 and second cutters 226 
from failure due to contact with exposed Surfaces of well 
bore 211. In the illustrated embodiment, each first cutter 224 
is pivotally coupled to a Second cutter 226 and a pivot block 
229 via a pin 228; however, other suitable methods may be 
used to provide pivotal or rotational movement of first and 
Second cutters 224 and 226 relative to one another. Pivot 
block 229 may also include a dove tail 231 which is coupled 
to Second cutters 226 using a bolt or Weld or any other 
Suitable method of connection. 

004.5 The locations on each first cutter 224 and second 
cutter 226 where cutters 224 and 226 are coupled may be at 
a point that is not at the ends of first cutter 224 and/or Second 
cutter 226. Coupling first and second cutters 224 and 226 at 
a location other than their ends can Shield and protect pins 
228 during rotation of underreamer 210 since pins 228 
would not be in contact with exposed surfaces of the well 
bore during rotation. Coupling first and Second cutters 224 
and 226 at Such locations also allows for the tips of cutters 
224 and 226 to absorb much of the wear and tear from 
contact with well bore 211. In particular embodiments, the 
tips may be replaced as they get worn down during operation 
of underreamer 210 and may be dressed with a variety of 
different cutting materials, including, but not limited to, 
polycrystalline diamonds, tungsten carbide inserts, crushed 
tungsten carbide, hard facing with tube barium, or other 
Suitable cutting structures and materials, to accommodate a 
particular subsurface formation. 
0046 Each second cutter 226 may be pivotally coupled to 
a connector 222 which is pivotally coupled to an end 223 of 
actuation rod 216. In the illustrated embodiment, each of 
Second cutters 226 is pivotally coupled to connector 222 via 
a pin 230; however, other suitable methods may be used to 
provide pivotal or rotational movement of Second cutters 
226. 

0047. In the illustrated embodiment, housing 212 also 
includes outwardly facing recesses 225 which are each 
adapted to receive a cutter Set 214. Housing 212 may have 
a bevel 227 at each recess 225 in order to restrict and prevent 
too much rotational movement of first cutters 224 when 
actuation rod 216 moves in response to the axial force. 

0048. Each of first cutters 224 and second cutters 226 
comprises an outwardly disposed cutting Surface 232 and an 
end cutting surface 236. Cutting surfaces 232 and 236 may 
be dressed with a variety of different cutting materials, 
including, but not limited to, polycrystalline diamonds, 
tungsten carbide inserts, crushed tungsten carbide, hard 
facing with tube barium, or other Suitable cutting Structures 
and materials, to accommodate a particular SubSurface for 
mation. Additionally, various cutting Surfaces 232 and 236 
configurations may be machined or formed on first cutters 
224 or Second cutters 226 to enhance the cutting character 
istics of first cutters 224 or second cutters 226. 

0049 FIG. 7 is a diagram illustrating underreamer 210 
illustrated in FIG. 6 having cutter sets 214 disposed in an 
extended position relative to housing 212. In FIG. 7, actua 
tion rod 216 is illustrated in an upwardly disposed position 
relative to housing 212. 
0050. In response to movement of actuation rod 216 
relative to housing 212, first cutters 224 rotate about pins 
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215 and second cutters 226 rotate about pins 230 extending 
cutter sets 214 radially outward relative to housing 212. An 
actuation block 219 coupled to actuation rod 216 assists 
cutters 224 and 226 in beginning their extensions from their 
retracted positions when actuation rod 216 begins moving 
relative to housing 212. 
0051 AS actuation rod 216 moves relative to housing 
212, actuation block 219 comes into contact with pivot 
blocks 229, beginning the extension of cutter sets 214 
radially outward. Through extension of the cutter Sets via the 
movement of actuation rod 216 relative to housing 212, 
underreamer 210 forms an slot cavity 237 as cutting surfaces 
232 and 236 come into contact with the Surfaces of well bore 
211. Underreamer 210 may be moved in the general direc 
tion of arrow 209 as well as in the opposite direction when 
the cutter Sets are in a Semi-extended or extended position in 
order to define and shape cavity 237 into a slot cavity. Such 
movement may be accomplished by a drill String coupled to 
housing 212 or by other Suitable means. The drill String may 
also aid in stabilizing housing 212 in well bore 211. It should 
be understood that a slot cavity having a shape other than the 
shape of cavity 237 may be formed with underreamer 210. 
0.052 Other types of underreamers may also be used to 
form a slot cavity similar to slot cavity 20 of FIG. 5. For 
example, other Suitable underreamerS may not include an 
actuation block for aiding in the extension of the cutters 
from a retracted portion. Particular underreamerS may 
include an actuator having a wedge member or other portion 
to aid in extending the cutters. AS Stated above, Some 
underreamerS may utilize a hydraulic piston or other mecha 
nism for extension of the cutters. 

0053 FIG. 8 illustrates an example slot cavity 320 
formed within a subterranean Zone 315. Slot cavity 320 is 
formed in a substantially vertical well bore 312. Slot cavity 
320 may be formed using an underreamer, Such as under 
reamer 210 of FIGS. 5 and 6, or by any other suitable 
methods or techniques. In the illustrated embodiment, Sub 
terranean Zone 315 comprises a coal Seam; however, other 
types of Subterranean Zones may be accessed in other 
embodiments. Subterranean Zone 315 is bounded by an 
upper boundary layer 330 and a lower boundary layer 332. 
Upper and lower boundary layers 330 and 332 may com 
prise Sandstone, Shale, limestone or other Suitable rock 
and/or mineral Strata. 

0054) Subterranean Zone 315 comprises fractures 340 
which may include methane gas, air or another composition. 
Fractures 340 may allow for the flow of such compositions 
from Subterranean Zone 315 to slot cavity 320. Fractures 340 
may be naturally occurring or may be artificially formed or 
man-made in Subterranean Zone 315. In the present embodi 
ment, Subterranean Zone 315 is illustrated as comprising two 
fractures 340, both configured substantially vertically. How 
ever, Subterranean Zones 315 in accordance with other 
embodiments may include any number of fractures 340. 
Furthermore, Such fractures 340 may comprise any shape, 
Size or configuration. In particular embodiments, fractures 
340 may exist approximately 2 to 20 feet apart from each 
other and may have various widths. 
0055 Forming slot cavity 320 at least partially within 
subterranean Zone 315 enables slot cavity 320 to intersect 
fractures 340 so that compositions present in or flowing 
through fractures 340 may be drained from Subterranean 
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Zone 15. For example, if methane gas is present in fractures 
340, intersecting fractures 340 with slot cavity 320 enables 
the methane gas in fractures 340 to be released into slot 
cavity 320 and drained to the surface. Thus, particular 
embodiments provide an improved method for accessing 
and draining compositions Such as methane gas contained 
within a Subterranean Zone. 

0056 FIGS. 9A and 9B illustrate a well system 400 
utilizing slot cavities in accordance with another embodi 
ment of the present invention. FIG. 9A is a top view looking 
down on a Surface 401. Drilled into Surface 401 are Sub 
stantially vertical driver well bores 402 and substantially 
vertical collector well bores 404. Substantially vertical well 
bores 404 include slot cavities 406 which may be formed 
using the various methods described above or otherwise. AS 
further described below, each substantially vertical well bore 
404 includes one or more slot cavities formed at various 
depths beneath surface 401. It should be understood that the 
number and relative size or spacing of Substantially vertical 
well bores 402 and 404, and the number and size of slot 
cavities 406, may vary according to different embodiments. 
0057 The material beneath surface 401 may comprise 
any underground material, Such as Sand, coal or other 
composition. A fluid 408 is located in one or more reservoirs, 
fractures or pores of the material beneath surface 401. Fluid 
408 may comprise a contaminant or other composition. For 
example, fluid 408 may comprise a pollutant that has seeped 
into the material beneath Surface 401. 

0058. A treatment solution may be pumped down Sub 
stantially vertical well bores 402 in order to drive fluid 4.08 
towards slot cavities 406 and Substantially vertical well 
bores 404, as indicated by arrows 410. The treatment solu 
tion may comprise a liquid or gas comprising carbon diox 
ide, nitrogen, air, steam or other material. The fluid 408 may 
be driven through the material beneath surface 401 by the 
treatment solution because of the relative permeability of the 
material. Fluid 408, driven by the treatment solution, may 
collect in slot cavities 406 and substantially vertical well 
bores 404 for treatment or retrieval by pumping or other 
CS. 

0059 FIG.9B is a cross-sectional view of system 400 of 
FIG. 9A taken along line 9b-9b. As illustrated in FIG. 9B, 
substantially vertical collector well bores 404 include slot 
cavities 406 formed at various depths below surface 401. As 
described above, fluid may be driven to collect in slot 
cavities 406 and substantially vertical well bores 404 for 
retrieval or treatment. The use of slot cavities 406 in Such a 
manner facilitates the retrieval of fluids located beneath 
Surface by increasing the area to which the fluids may be 
driven for collection over Such area in a System without Slot 
cavities. 

0060. It should be understood that the particular number 
or configuration of Slot cavities, in relation to Substantially 
vertical well bores 404 or otherwise, may vary in different 
embodiments. For example, one Substantially vertical well 
bore 404 may include any number of slot cavities 406 and 
such number may be different than the number of slot 
cavities 406 formed in another substantially vertical well 
bore 404. Moreover, the sizes and spacing of such slot 
cavities and depths at which each slot cavity is formed may 
vary with respect to different substantially vertical well 
bores 404. 
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0061 Although the present invention has been described 
in detail, Various changes and modifications may be Sug 
gested to one skilled in the art. It is intended that the present 
invention encompass Such changes and modifications as 
falling within the Scope of the appended claims. 

What is claimed is: 
1. A method for accessing a Subterranean Zone from the 

Surface, comprising: 
drilling a substantially vertical well bore from the surface 

to the Subterranean Zone; 
forming a slot cavity in the substantially vertical well bore 

proximate to the Subterranean Zone, wherein the slot 
cavity comprises a Substantially non-cylindrical shape; 
and 

drilling an articulated well bore from the Surface to the 
Subterranean Zone, the articulated well bore horizon 
tally offset from the Substantially vertical well bore at 
the Surface and interSecting the Substantially vertical 
well bore at a junction proximate to the Subterranean 
ZOC. 

2. The method of claim 1, further comprising: 
drilling the articulated well bore to intersect the slot cavity 

of the substantially vertical well bore; and 
drilling a Substantially horizontal drainage pattern from 

the slot cavity into the Subterranean Zone. 
3. The method of claim 1, wherein the Subterranean Zone 

comprises a coal Seam. 
4. The method claim 1, wherein the Subterranean Zone 

comprises an oil reservoir. 
5. The method of claim 1, further comprising: 
drilling a Substantially horizontal drainage pattern from 

the junction into the Subterranean Zone, and 
producing fluid from the Subterranean Zone through the 

Substantially vertical well bore. 
6. The method of claim 1, further comprising: 
drilling a Substantially horizontal diagonal well bore from 

the junction defining a first Set of an area in the 
Subterranean Zone to a distant end of the area; 

drilling a first set of substantially horizontal lateral well 
bores in Space relation to each other from the diagonal 
to the periphery of the area on a first Side of the 
diagonal well bore; and 

drilling a Second Set of Substantially horizontal lateral 
well bores in Space relation to each other from the 
diagonal well bore to the periphery of the area on a 
Second, opposite Side of the diagonal well bore. 

7. The method of claim 1, wherein forming a slot cavity 
in the substantially vertical well bore proximate to the 
Subterranean Zone comprises: 

positioning an underreamer within the well bore, the 
underreamer having a plurality of cutter Sets; 

extending the cutter Sets radially outward from a retracted 
position; and 

moving the underreamer within the well bore to form the 
cavity. 
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8. A System for accessing a Subterranean Zone from the 
Surface, comprising: 

a substantially vertical well bore extending from the 
Surface to the Subterranean Zone; 

a slot cavity formed in the substantially vertical well bore 
proximate to the Subterranean Zone, wherein the slot 
cavity comprises a Substantially non-cylindrical shape; 
and 

an articulated well bore extending from the Surface to the 
Subterranean Zone, the articulated well bore horizon 
tally offset from the Substantially vertical well bore at 
the Surface and intercepting the Substantially vertical 
well bore at a junction proximate to the Subterranean 
ZOC. 

9. The system of claim 8, further comprising a substan 
tially horizontal drainage pattern extending from the junc 
tion into the Subterranean Zone. 

10. The system of claim 8, wherein the subterranean Zone 
comprises a coal Seam. 

11. The system of claim 8, wherein the subterranean Zone 
comprises an oil reservoir. 

12. The system of claim 8, the Substantially horizontal 
drainage pattern comprising: 

a Substantially horizontal diagonal well bore extending 
from the junction defining a first end of an area in the 
Subterranean Zone to a distant end of the area; 

a first set of substantially horizontal lateral well bores in 
Space relation to each other extending from the diago 
nal to the periphery of the area on a first Side of the 
diagonal well bore; and 

a second set of substantially horizontal lateral well bores 
in Space relation to each other extending from the 
diagonal to the periphery of the area on a Second, 
opposite Side of the diagonal well bore. 

13. A method for preparing a Subterranean Zone for 
mining, comprising: 

drilling a substantially vertical well bore from the surface 
to the Subterranean Zone; 

drilling an articulated well bore from the surface to the 
Subterranean Zone, the articulated well bore horizon 
tally offset from the Substantially vertical well bore at 
the Surface and intercepting the Substantially vertical 
well bore at a junction proximate to the Subterranean 
Zone, wherein the junction comprises a slot cavity 
formed in the substantially vertical well bore, the slot 
cavity comprising a Substantially non-cylindrical 
shape; 

drilling a Substantially horizontal drainage pattern from 
the junction into the Subterranean Zone, 

draining water from the Subterranean Zone through the 
drainage pattern into the junction; 

pumping the water from the junction to the Surface 
through the substantially vertical well bore; and 

producing gas from the Subterranean Zone through at least 
one of the Substantially vertical and articulated well 
bores. 

14. The method of claim 13, wherein the Subterranean 
Zone comprises a coal Seam. 
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15. The method of claim 13, further comprising: 
installing a Substantially vertical rod pumping unit in the 

Substantially vertical well bore with a pump inlet 
position proximate to the junction; and 

pumping water from the junction to the Surface through 
the Substantially vertical rod pumping unit. 

16. The method of claim 13, drilling the substantially 
horizontal draining pattern from the junction comprising: 

drilling a diagonal well bore from the junction defining a 
first end of an area aligned with a Subterranean coal 
panel to an opposite corner of the area; 

drilling a plurality of lateral well bores on each side of the 
diagonal well bore into one or more coal panels. 

17. The method of claim 16, wherein the draining pattern 
comprises a pinnate Structure. 

18. A method for accessing a Subterranean Zone, com 
prising: 

drilling a substantially vertical well bore from a surface to 
the Subterranean Zone; and 

forming a slot cavity in the substantially vertical well bore 
at least partially within the Subterranean Zone, the slot 
cavity interSecting at least one fracture of the Subter 
ranean Zone, wherein the slot cavity comprises a Sub 
Stantially non-cylindrical shape. 

19. The method of claim 18, wherein the Subterranean 
Zone comprises a coal Seam. 

20. The method of claim 18, further comprising draining 
gas from the at least one fracture. 

21. The method of claim 18, wherein the at least one 
fracture is naturally occurring. 

22. The method of claim 18, wherein the at least one 
fracture is man-made. 

23. A method for retrieval of subsurface fluid, comprising: 
drilling one or more substantially vertical driver well 

bores from the Surface into an underground material, 
wherein the underground material includes a fluid; 
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drilling one or more Substantially vertical collector well 
bores from the Surface into the underground material; 

forming one or more slot cavities in the one or more 
Substantially vertical collector well bores, wherein the 
one or more slot cavities comprise a Substantially 
non-cylindrical shape; 

providing a Solution into the one or more Substantially 
vertical driver well bores to drive the fluid to the one or 
more Slot cavities, and 

retrieving the fluid from the one or more slot cavities. 
24. The method of claim 23, wherein retrieving the fluid 

from the one or more Slot cavities comprises pumping the 
fluid from the one or more slot cavities through the one or 
more substantially vertical collector well bores. 

25. The method of claim 23, wherein the fluid comprises 
a pollutant. 

26. A System for retrieval of SubSurface fluid, comprising: 

one or more substantially vertical driver well bores 
extending from the Surface into an underground mate 
rial, wherein the underground material includes a fluid, 

one or more substantially vertical collector well bores 
extending from the Surface into the underground mate 
rial; 

one or more slot cavities formed in the one or more 
Substantially vertical collector well bores, wherein the 
one or more slot cavities comprise a Substantially 
non-cylindrical shape; and 

wherein the one or more substantially vertical driver well 
bores include a solution provided to drive the fluid to 
the one or more slot cavities. 

27. The system of claim 26, wherein the fluid comprises 
a pollutant. 


